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Objective. To examine the impact of electronic health record (EHR) deployment on
Surgical Care Improvement Project (SCIP) measures in a tertiary-care teaching hospi-
tal.
Data Sources. SCIP CoreMeasure dataset from the CMS Hospital Inpatient Quality
Reporting Program (March 2010 to February 2012).
Study Design. One-group pre- and post-EHR logistic regression and difference-in-
differences analyses.
Principal Findings. Statistically significant short-term declines in scores were
observed for the composite, postoperative removal of urinary catheter and post–
cardiac surgery glucose control measures. A statistically insignificant improvement in
scores for these measures was noted 3 months after EHR deployment.
Conclusion. The transition to an EHR appears to be associated with a short-term
decline in quality. Implementation strategies should be developed to preempt or mini-
mize this initial decline.
Key Words. Quality of care/patient safety (measurement), observational data/
quasi-experiments, surgery

Several landmark reports have underscored the importance of health informa-
tion technology (HIT) in promoting the quality of care (IOM 2001, 2012). The
Health Information Technology for Economic and Clinical Health
(HITECH) Act of 2009 provides resources to implement many of the reports’
recommendations, including the adoption and “meaningful use” of electronic
health records (EHRs)1 (Blumenthal 2011). The ease of access to clinical infor-
mation, increased adherence to guidelines, and improved caregiver communi-
cation and clinical decision support are some of the many benefits that have
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been associated with EHR use (Chaudhry et al. 2006; Goldzweig et al.
2009; Buntin et al. 2011). However, deploying an EHR and transitioning
from an existing paper-based or a fragmented electronic system to an
integrated EHR may be challenged by unexpected events that could
adversely impact care.

To study the impact of EHR deployment (“go-live” stage) and use on the
quality of care, we chose the Surgical Care Improvement Project (SCIP) mea-
sures (see Table 1) of the Centers for Medicare and Medicaid Services (CMS)
(CMS 2012) as the metrics of interest. These 10 evidence-based process mea-
sures and their composite measure aim to increase adherence to processes that
reduce postoperative complications, namely, surgical site infections, urinary
tract infections, cardiovascular events, and venous thromboembolism (Brat-
zler and Hunt 2006).

Literature Review

When we began working on this project, we were unable to identify studies
that examined the impact of EHR implementation resulting from the
HITECH Act incentives on process or outcome measures. One study that
examined the impact of EHR use on the composite SCIP measure (Appari,
Johnson, and Anthony 2013) found a decline in the composite score when hos-
pitals transitioned to comprehensive EHRs. Studies that examined individual
process measures relevant to SCIP have shown mixed results. Clinical
decision support functionalities have increased compliance to the timely
administration of prophylactic antibiotics (Wax et al. 2007; Nair et al. 2010;
Schwann et al. 2011) and have favorably influenced the prevention of venous
thromboembolism (Durieux et al. 2000; Kucher et al. 2005; Lecumberri
et al. 2008; Galanter et al. 2010; Beeler, Kucher, and Blaser 2011; Haut et al.
2012). EHRs have been associated with increased adherence to recommended
diabetes management guidelines (O’Connor et al. 2005; Sequist et al. 2005;
Cebul et al. 2011) but variable control of blood glucose and other diabetes-
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related metabolic parameters (O’Connor et al. 2005; Crosson et al. 2007; Lee
et al. 2008; Guerra et al. 2010; Cebul et al. 2011).

In addition to these positive findings, EHRs can also adversely impact
quality of care (Ash, Berg, and Coiera 2004; Campbell et al. 2006; Ash et al.
2007; Sittig and Singh 2010). Research has demonstrated an unfavorable asso-
ciation between the use of Computerized Physician Order Entry and clinical
outcomes such as mortality (Han et al. 2005) and medication errors (Koppel
et al. 2005; Nebeker et al. 2005).

Although EHR deployment may not adversely impact medication pro-
cesses and outcomes such as length of stay, costs, and mortality (Mekhjian
et al. 2002; Del Beccaro et al. 2006), the introduction of new technology has
the potential to change the existing social system (Harrison, Koppel, and
Bar-Lev 2007). Thus, the disruption in the workflows associated with EHR

Table 1: Surgical Care Improvement Project (SCIP) Measures and Potential
Complications Prevented (CMS 2012)

SCIP ID Measure
Complication
Prevented

SCIP-Inf-1 Prophylactic antibiotic received
within 1 hour prior to surgical incision

Surgical site
infection

SCIP-Inf-2 Prophylactic antibiotic selection for surgical patients Surgical site
infection

SCIP-Inf-3 Prophylactic antibiotics discontinued within
24 hours after surgery end time

Surgical site
infection

SCIP-Inf-4 Cardiac surgery patients with controlled
6 A.M. postoperative blood glucose

Surgical site
infection

SCIP-Inf-6 Surgery patients with appropriate hair removal Surgical site
infection

SCIP-Inf-9 Urinary catheter removed on postoperative day 1 or 2 Urinary tract
infection

SCIP-Inf-10 Surgery patients with perioperative
temperature management

Surgical site
infection

SCIP-Card-2 Surgery patients on beta-blocker therapy
prior to arrival who received a beta-blocker during the
peri-operative period

Cardiac event

SCIP-Vte-1 Surgical patients with recommended venous
thromboembolism prophylaxis
ordered any time from hospital arrival to 24 hours after
anesthesia end time

Venous
thrombo-
embolism

SCIP-Vte-2 Surgery patients who received appropriate venous
thrombo-embolism prophylaxis within 24 hours
prior to anesthesia start time to 24 hours after
anesthesia end time

Venous
thrombo-
embolism
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deployment can provide an opportunity for errors to occur (Aarts, Doorew-
aard, and Berg 2004; Ludwick and Doucette 2009; Agarwal et al. 2010).

Study Objective

Our study objective was to examine the impact of EHR deployment on SCIP
measure compliance at a tertiary-care teaching hospital. We hypothesized that
EHR deployment may be associated with a short-term unintended decline
(worsening) of the SCIP score, followed by an increased probability of achiev-
ing a higher (better) SCIP score.

METHODS

Setting

The main setting for the study was Strong Memorial Hospital (SMH), a 792-
bed tertiary-care teaching hospital located in Rochester, New York. The hospi-
tal deployed an ONC-ATCB-certified EHR2 (ONC HIT 2012) across most of
its inpatient areas onMarch 5, 2011.

Highland Hospital (HH), a 261-bed teaching hospital located 1.3 miles
from SMH, was selected as the comparison hospital. The choice of HH was
based on similarities between the two hospitals, especially in ownership and
management, medical culture, and organization of care delivery, shared medi-
cal staff physicians and residents in several specialties, geographic service
area, SCIP scores prior to EHR deployment at SMH, and collaborative
efforts in addressing SCIP measures. EHRs were deployed at HH on June 11,
2011.

Study Patients

The dataset included patients who were admitted for surgery to SMH and HH
and whose discharge took place between March 1, 2010, and February 29,
2012. The patients and their surgeries met CMS’s Initial Patient Population
Criteria (CMS 2012). The unit of analysis was the inpatient episode. For each
chart-abstracted episode, CMS algorithms ascertain if the episode qualified
for inclusion in a particular SCIP measure population and whether appropri-
ate care was rendered, and assign grades (see Table 2). We downloaded the
pooled cross-sectional datasets from the University HealthSystem Consor-
tium website (UHC 2012).
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Study Duration and Design

For the main (short-term) analysis, the preEHR (before) phase extended from
October 1, 2010, to March 4, 2011; and the post-EHR (after) phase extended
from March 5, 2011, to June 10, 2011. Three sensitivity analyses were con-
ducted using different long-term study periods (see Table 3).

The study adopted two statistical methods for the main analysis and
each of the sensitivity analyses: (1) one-group pretest-posttest design (pre-
post) for SMH patients and (2) difference-in-difference (DID) estimation
with pre- and post-EHR samples from SMH, utilizing HH as the control
group.

Variables

Statistical models were created for each SCIP measure. The dependent vari-
able for eachmodel was a dichotomous variable that represented episodes that
received grade E (1) and grade D (0) (see Table 2). The impact was quantified

Table 2: Grades Assigned Using CMSAlgorithms (CMS 2012)

Grade Description

B Episode not included in measure population
D Episode included inmeasure population, but appropriate care not delivered
E Episode included inmeasure population, and appropriate care delivered
X Missing data
Y Unable to decide

Table 3: Duration of Before- and After-Phases for EHR Implementation at
StrongMemorial Hospital (SMH) onMarch 5, 2011

Analysis
Start Date for
Before-Phase

Months in
Before-Phase

End Date for
After-Phase

Months in
After-Phase

Sample
Size

Main analysis October 1, 2010 5 June 10, 2011 3.5 1,816
Sensitivity
analysis 1

March 1, 2010 12 February 29, 2012 12 5,251

Sensitivity
analysis 2

March 1, 2010 12 June 10, 2011 3.5 3,457

Sensitivity
analysis 3

October 1, 2010 5 February 29, 2012 12 3,610
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as the change in the relative odds of achieving success on a particular measure
with EHR use. The composite measure represented episodes that had
received appropriate care for all qualifying measures.

For the prepost analysis, the independent variable of interest was a
dichotomous EHR variable representing the presence (1) or absence (0) of the
EHR. For the DID estimation, the independent variable of interest was the
interaction term between the dichotomous hospital variable (1 = SMH and
0 = HH) and the dichotomous phase variable (1 = after-phase and
0 = before-phase).

Patient and treatment characteristics that were available in the SCIP
dataset were used as covariates (see Table S1).

Statistical Analysis

The prepost design employed Chi-square tests, Fisher’s exact tests, and logis-
tic regression to analyze the change in the odds of achieving success on a par-
ticular measure after EHR deployment at SMH. For each SCIP measure an
unadjusted analysis was followed by multivariate logistic regression, adjusting
for patient and treatment characteristics.

For the DID estimation, HH was the control group. The absence of dif-
ferences in SCIP scores between SMH and HH in the before-phase was dem-
onstrated using Chi-square tests, Fisher’s exact tests, and logistic regression. A
key assumption for DID estimation is that the performance of the two hospi-
tals would have followed a parallel trend in the absence of EHRs (Abadie
2005). We believe that the similarities between SMH and HH, the absence of
statistically significant differences in the two hospitals’ SCIP scores in the
before-phase, and the absence of significant events that could disturb the time
trend after deployment support this assumption.

Statistical analyses were conducted using SAS 9.3 (SAS Institute Inc.
2010) and Stata 12 (StataCorp. 2011). The study was approved by the Univer-
sity of Rochester Research Subject Review Board and the HH Administrative
Research Review Committee.

RESULTS

Study Sample

The average patient age (N = 1,816) was 59 years, 58 percent of the sample
was female, and 86 percent was white. Medicare was the primary payor for 48
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percent of the sample, and 79 percent of the procedures were elective (see
Table S1).

Validation of Comparator

There were no statistically significant differences between the scores of the
two hospitals in the before-phase. However, sensitivity analysis 1 demon-
strated significant differences in the composite (p = .05) and SCIP-Inf-1
(p = .02) measures (see Figure 1 and Table S2).

Change in Raw SCIP Scores

At SMH, the composite measure and 6 of the 10 individual measures had a
reduction (worsening) of varying magnitude in the SCIP score after EHR
deployment. Three individual measures had an increase in the SCIP score
(see Table S2).

On account of high baseline scores for several measures (97 percent
or greater), there was likely a ceiling effect that would impact finding
statistically meaningful associations. Therefore, we limited the scope of our
subsequent analyses to measures with scores of 97 percent or less during any
one study phase, namely, the composite measure, SCIP-Inf-4, SCIP-Inf-9,
and SCIP-Card-2.

Main Analysis: Pre–Post and DID Estimation

For the composite measure, using prepost estimation, we noted a 51 percent
decline in the adjusted odds ratio (AOR) of achieving success during the
month EHR was deployed at SMH (March 2011) (AOR = 0.49, p = .08; 95
percent confidence interval [CI] = 0.22–1.08) as compared to the before-
phase (raw score absolute decline [RSAD] from 95.4 percent in the before-
phase to 88.7 percent in March), and a 55 percent decline in the AOR of
achieving success in April 2011 (AOR = 0.45, p = .04; 95 percent CI = 0.22–
0.95) (RSAD from 95.4 percent in the before-phase to 91.2 percent in April
2011). Using DID estimation, there was a 91 percent decline in the AOR of
achieving success in March 2011 (AOR = 0.09, p = .09; 95 percent
CI = 0.01–1.48) (RSAD from 95.4 percent in the before-phase to 88.7 percent
in March 2011), followed by a 3.49 times greater AOR of achieving success in
May 2011 (AOR = 3.49, p = .06; 95 percent CI = 0.95–12.85) (RSAD from
95.4 percent in the before phase to 99.1 percent inMay 2011) (see Table 4).
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For SCIP-Inf-9, in the prepost estimation we noted a 79 percent decline
in the AOR of achieving success in April 2011 (AOR = 0.21, p = .01; 95
percent CI = 0.07–0.66) as compared to the before-phase. Using DID
estimation, the decline was 97 percent (AOR = 0.03, p = .06; 95 percent
CI = 0.00–1.08).
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Figure 1: Time Trends for Composite,a SCIP-Inf-4,b SCIP-Inf-9,c and
SCIP-Card-2dMeasures

x-axis: study duration; y-axis: raw percentage score.
aReflective of performance on all the Surgical Care Improvement Project measures.
bCardiac surgery patients with controlled 6 A.M. postoperative blood glucose.
cUrinary catheter removed on postoperative day 1 or 2.
kSurgery patients on beta-blocker therapy prior to arrival who received a beta-blocker during the
perioperative period.
p-value for Chi-square or Fisher’s exact tests for the difference in the SCIP scores at StrongMemo-
rial Hospital andHighlandHospital prior to EHR deployment onMarch 5, 2011.
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Sensitivity Analyses

Sensitivity analyses (see Table S3) demonstrate that the duration, magni-
tude, and statistical significance of the declines in the main analysis remain
consistent. An exception is SCIP-Inf-4, where significant reductions (61–65
percent; p < .10) in AOR of success are noted in March 2011 for all sensi-
tivity analyses.

Time Trends

For the composite, SCIP-Inf-4, and SCIP-Inf-9 measures, the statistically sig-
nificant decline in the AOR of success at SMH bottomed-out a month after
EHR deployment and was followed by a statistically insignificant increase
(see Table 4 and Figure 1).

DISCUSSION

Our findings demonstrate a decline in SCIP scores in the months immedi-
ately following EHR deployment. The sociotechnical model (STM) for
HIT-related errors (Sittig and Singh 2010) provides a framework to under-
stand such challenges encountered while implementing EHRs in hospitals.
The clinical content dimension of the STM relates to all data and clinical
information that is stored in the EHR, the people dimension to human fac-
tors that are involved in the implementation and use of technology, and the
workflow and communication dimension to the interaction between tech-
nology and the workforce.

For the composite measure, EHR use was associated with lesser likeli-
hood of success in the first 2 months after deployment. This decline was
mainly comprised of failures in three measures: SCIP-Inf-4, SCIP-Inf-9, and
SCIP-Card-2. Beginning in May 2011, a statistically significant increase in the
probability of success on the composite measure is indicative of remedial mea-
sures instituted by the hospital upon identifying the errors.

For SCIP-Inf-4, EHR use was associated with lower probability of
success in the month of deployment in the three sensitivity analyses. The fail-
ure to control blood glucose following cardiac surgery increases the risk of
developing infections. Post hoc anecdotal evidence suggests that the decline in
the score occurred because of the failure to transfer relevant order sets into the
new EHR (reflecting the clinical content, and workflow and communication
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dimensions of the STM). This was identified and rectified through quality
improvement efforts.

For SCIP-Inf-9, EHR use was associated with less likelihood of success
in the second month of use. Failure to remove the urinary catheter within the
specified time range increases the risk of catheter-associated urinary tract
infection. Post hoc anecdotal evidence suggests that the decline in the score
coincided with the gradual change from on-site end-user support to an off-site
support system along with increased pressure to keep up with the EHR docu-
mentation requirements (reflecting the people dimension of the STM).

Since the landmark report “To Err Is Human,” several nationwide initia-
tives have been implemented to reduce medical errors (Leape and Berwick
2005). While HIT applications have the potential to prevent medical errors
(Bates et al. 2001; Bates and Gawande 2003), they can also facilitate errors
(IOM 2012), especially because of the disruption of work processes in the
deployment phase. This phase is also critical because errors can be rectified
early on.

Limitations

Our study has several limitations. First, the choice of HH as the comparison
hospital for the DID estimation can bias our findings. Some notable differ-
ences between the two hospitals relevant to our study are the designation of
SMH as a Level 1 Regional Trauma Center, performance of primarily emer-
gency orthopedic surgeries at SMH as compared to the elective nature of
orthopedic surgeries at HH, performance of cardiac surgeries at SMH but not
at HH, and a concurrent abstraction process for the SCIP measures at SMH
as compared to retrospective abstraction at HH. We acknowledge that differ-
ences in services, culture, and organization between the two hospitals may dif-
ferentially influence their response to EHR deployment. However,
similarities in the direction of risk-adjusted estimates in the one-group analysis
as well as commonality of ownership, medical culture, and collaborative
efforts in improving SCIP measures support the DID findings. Importantly,
the DID assumption is not that the two hospitals should be similar but rather
that the two hospitals would have had a similar time trend in the absence of
the intervention. Second, it is difficult to tell from the data whether the fall in
quality followed by the rebound that we observed is likely to be an effect
directly linked to the EHR or is just random variation. However, the three
measures that experienced this involve distinct care processes that utilize
various EHR functionalities ( Jha et al. 2009). It seems improbable that the
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consistent pattern of change across three distinct measures could have
occurred due to random chance. Furthermore, the increase for three of the
four measures can be explained by the steps taken by the hospital to rectify the
errors made. Third, the generalizability of our findings is limited because our
study was conducted at a single hospital and was contingent upon state and
market conditions. Fourth, SCIP scores are intended to reflect performance of
clinical activities as well as their documentation. It is possible that changes in
scores may be due to changes in documentation.

CONCLUSION

Our study identified statistically significant temporary reductions in surgical
quality associated with EHR deployment. While the use of EHRs has the
potential to improve quality of care, their deployment may lead to a tempo-
rary reduction in quality. Incorporating this awareness in the design of the
implementation process should reap rich benefits.
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NOTES

1. An EHR is defined as “a real-time patient health record with access to evidence-
based decision support tools that can be used to aid clinicians in decision making”
(ONCHIT 2009).

2. The Office of the National Coordinator for Health Information Technology –
Authorized Testing and Certifications Bodies (ONC-ATCB).
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